ABSTRACT. -The decline of ranid frog species native to western North America is a pattern alluded to by many workers. We review the factors cited as having caused these declines, using, as primary examples, some of the ranid species native to California. We present explicit statements of four major alternative hypotheses: 1) bullfrog introduction, 2) habitat alteration, 3) predation by introduced fishes, and 4) commercial exploitation. Additionally, we review data relating to four other factors suggested as having caused declines: 1) toxicants, 2) pathogens and parasites, 3) acid rain, and 4) catastrophic mortality. Notably, data do not exist that suggest that the often-invoked bullfrog hypothesis is most compelling. Some factors, like commercial exploitation, are untestable because the putative causal conditions no longer exist, whereas others, like catastrophic mortality, are difficult to test because of their unpredictability. Perhaps the most neglected but potentially important alternative is predation by introduced fishes. Existing data cannot distinguish adequately among three major testable alternatives: bullfrogs, habitat alteration, and introduced fish predation. In the absence of satisfactory data, the chronological priority of fish introductions over those of bullfrogs and the greater access fish may have to earlier ranid life stages make the fish predation hypothesis more compelling. Several alternative hypotheses are confounded because existing correlative data support at least two alternatives equally well. Manipulations of testable alternatives are imperative to distinguish causal factors.
Over a century ago, Lockington (1879) observed that populations of Rana aurora in the vicinity of San Francisco were diminishing. Since that time, investigators have repeatedly suggested that nearly every ranid frog species native to western North America has experienced reductions in range or declines in sizes of local populations (Table 1) ; these reductions seem to be a recent phenomenon. Although several factors have been suggested or inferred to be causal in these declines, one factor, interactions of native ranids with introduced bullfrogs (Rana catesbeiana), continues to be most frequently invoked (Jameson, 1956; Lardie, 1963; Dumas, 1966; Black, 1969; Moyle, 1973; Licht, 1974; Conant, 1975 Conant, , 1977 Table 1 ). That evidence, based primarily on samples from 95 localities within the San Joaquin drainage basin of California, can be summarized as follows: 1) bullfrogs were the most frequently encountered ranid frog species, 2) no red-legged frogs (R. aurora) were found, 3) yellowlegged frog (R. boylii) abundance was inversely correlated with bullfrog abundance among sites, 4) bullfrogs occupied areas that had once had yellowlegged frogs, and 5) captive bullfrogs ate juvenile yellow-legged frogs soon after the latter were introduced into their enclosure. Moyle (1973) suggested that bullfrogs might eliminate native ranids by either predation or competition. Field evidence that bullfrogs prey on native California ranids is unavailable. Furthermore, data are also unavailable to evaluate competition, which requires a manipulative experiment to establish its occurrence unequivocally (Wiens, 1977 (1964) found that ranid larvae were more vulnerable than fish to fish predation, which may result from the more limited stamina tadpoles exhibit (Wassersug and Feder, 1983 ) because recent data suggest that the mechanical efficiency of tadpole locomotion does not differ significantly from that of fishes (Hoff and Wassersug, 1985; Wassersug and Hoff, 1985) . The apparent palatability of larval R. aurora suggests that they may be vulnerable (Hayes, unpubl. data). Native California predatory fish feed primarily by sight on prey in the water column or on organisms exposed on accessible surfaces, only infrequently disturbing aquatic vegetation or benthic sediment (Ware, 1971 (Ware, , 1973 Tippets and Moyle, 1978) . This mode of feeding allows some benthos-dwelling organisms, such as tadpoles, to avoid predation because they are rarely exposed (Johannes and Larkin, 1961; Schutz, 1969; Efford and Tsumura, 1973). Native and introduced fish species also show markedly different foraging behaviors. Available data suggest that introduced centrarchids (sunfishes) may be more maneuverable than native salmonid predators (Webb, 1983 ), but whether ranid tadpoles, highly maneuverable swimmers (Wassersug and Hoff, 1985) , are at greater risk to predation by cen- We suspected that fish might be responsible for declines of native frogs when we noted an inverse relationship between the abundance of introduced fish species and the abundance of the endemic ranids R. a. draytonii (Table 2) and R. boylii (Table 3) within and between drainage systems. Localities where introduced fishes were abundant rarely had native ranids, and when ranids were present, their populations appeared small, suggesting conditions marginal for their survival. Moyle (1973) reported a similar negative relationship between R. boylii numbers and fish abundance and noted that the fish fauna at sites with bullfrogs tended to be dominated by the introduced fishes 
CONFOUNDED ALTERNATIVES
Existing data may support alternative hypotheses in several ways. We will not attempt to present an exhaustive list of confounded possibilities, but we use a few to illustrate how existing data support alternative interpretations.
The fish predation hypothesis suffers from the same deficiencies as the bullfrog predation hypothesis. We paraphrase from Kitching and Ebling (1967) the criteria considered necessary to demonstrate predation. They include that: 1) an organism cannot survive at a site outside its normal range unless it is somehow protected (isolated) from its suspected predator; 2) an inverse correlation exists between the distribution of the organism and the suspected predator, or alternatively, the organism is inaccessible to the suspected predator where they co-occur; 3) the suspected predator can inflict lethal damage on the prey; and 4) transplant experiments show that the suspected predator is responsible for the destruction of prey. Existing data fulfill criterion two for both fish and bullfrog predation hypotheses (see Tables 2 and 3 
CONCLUSIONS AND THE DIRECTION OF FUTURE RESEARCH
Clearly, causal mechanisms in declines of R. aurora and R. boylii are potentially complex. The answer to our query, "Are bullfrogs responsible?," remains ambiguous. For localities from which R. aurora and R. boylii have disappeared, any mechanism of decline is invariably confounded with at least one alternative because variables that allow alternatives to be eliminated were not observed or measured, or because alternatives cannot be excluded on the basis of present data. We also acknowledge that declines may have been caused by multiple factor interactions or synergisms, but because unequivocal data are unavailable to eliminate the possibility that a single factor has been involved in most of the declines among different taxa, the latter possibility cannot simply be dismissed.
Existing 
